Introduction
The chemistry of macrocyclic ligands has been a fascinating area of current research interest to the chemists all over the world. The chemistry of macrocyclic compounds in particular is important due to the catalytic and biological applications [1] . The importance of these tetraaza macrocyclic ligands and their complexes lie in the fact that they show their structural similarities to the natural macrocyclic complexes like porphyrin, heme, chlorophyll, vitamin B 12 etc., which play important and multifarious roles in biological systems [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . These compounds are also important for their uses in pharmacological [12] , industrial [13] and analytical field, above all, research on these complexes as antitumor [14] and anticancer [15] drugs have got top priority.
An antimicrobial agent kills or inhibits the growth of microbes such as bacteria, fungi, or viruses. Antimicrobial drugs either kill microbes (microbicidal) or prevent the growth of microbes (microbistatic). However, the future effectiveness of antimicrobial therapy is somewhat in doubt. Microorganisms , especially bacteria, are becoming resistant to more and more antimicrobial agents. Bacteria 
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found in hospitals appear to be especially resistant, and are causing increasing difficulty for the sickest and hospitalized patients. Currently, bacterial resistance is combated by the discovery of new drugs. However, microorganisms are becoming resistant more quickly than the rate of new drugs being found, thus, future research in antimicrobial therapy may focus on finding how to overcome resistance to antimicrobials, or how to treat infections with alternative means [16] .
Aza-type macrocyclic ligands appear very promising for potential use as antifertile, antibacterial and antifungal agents as well as biologically important components [17, 18] . In the present context, antifungal and antibacterial activities of cadmium(II) complexes of hexamethyltetraazacyclotetrad ecadiene and isomers of its saturated analogue have been reported. Bangladesh) as tablet form which was used in equivalent quantity to make a standard solution of 100 µg/mL.
Materials and methods

Chemicals and reagents
Synthesis of macrocycles
Synthesis of the ligand 5,7,7,12,14,14-hexamethyl-1,4,8,11- tetraazacyclotetradeca-4,11-diene dihydroperchlorate, L.2HClO 4 [19] and isomers of its saturated analogue [20] were carried out.
Syntheses of cadmium(II) complexes
Hot methanolic solution (20 mL) of corresponding cadmium salts (1.0 mmol) was mixed with hot methanolic solution of the respective ligand (1.0 mmol). The mixture was heated (1-2 h) on a water bath and the volume of the solution was reduced to 10 mL. The solution was allowed to cool for 1 hour. After cooling, a white product in all the cases separated from the solution was washed with methanol followed by diethylether and dried in a vacuum desiccator over silica gel. The 
Preparation of sample solutions
A measured amount (1 mg) of solid samples was dissolved in definite volume (1 mL) of DMSO to make a solution of 1 mg/ mL. DMSO was chosen as solvent because it does not have any inhibitory effect on bacterial cultures in addition to its extraordinary capacity to dissolve solid sample completely.
Media preparation
All of the bacterial strains grown and were maintained on standard nutrient agar (Difco) media at 37 °C and pH (7.3依 0.2). The bacteria were sub-cultured overnight in nutrient agar broth which was further adjusted to obtain turbidity comparable to 0.5 McFarland standard when required [21] . Test tube slants of nutrient agar medium were prepared S536 for the maintenance of cultures. Then small amount of the collected microorganisms were transferred to the test tubes with the help of sterilized needles. A number of test tubes were freshly cleaned for each bacterial pathogen. The inoculated slants were inoculated at room temperature under laboratory condition.
Antibacterial screening through disc diffusion technique
The test microbes were taken from the broth culture with inoculating loop and transferred to test tubes containing 5 mL of sterile distilled water. The inoculums were added until the turbidity was equal to 0.5 McFarland standards. Cotton swab was then used to inoculate the test tube suspension onto the surface of nutrient agar plate and the uniformly swabbed plates were then allowed to dry. On the dry inoculated surfaces disks prepared were placed as follows. Sterilized Whatman paper disks (4 mm in diameter) were prepared by placing 0.1 mL (i.e. 100 µg/disk) of the desired solution of the test sample on disks, allowing the discs to dry at 40 °C after each application; The disks containing the synthetic drugs (1 mg/mL in DMSO) were placed with blunt-nosed thumb forceps on the inoculated plates at equidistance in a circle. These plates were kept for 4-6 h at a low temperature (<8 °C ) to allow for diffusion of the extract from the disk into the medium. The same was done for negative control (DMSO). The experiment was conducted in triplicates. Antimicrobial activity was determined by a measurement of the inhibition zone diameter (mm) around each test organism.
Study on antifungal activity 2.5.1. Fungal strains
The in vitro antifungal activity of the ligands and compounds were studied against two human pathogenic fungal strains Candida albicans (C. albicans) and Aspergillus aculeatus (A. aculeatus). Fungal 
Determination of antifungal effects
Antifungal effect of cadmium(II) complex with hexamethyltetraazacyclotetradecadiene ligands was determined by poisoned food technique [22] . Potato dextrose agar was used as a culture medium. At first, a measured amount (10 mg) of solid sample was dissolved in definite volume (1 mL) of DMSO to make a solution of 10 mg/mL. From this, 0.5 mL solution of the test sample was taken in a sterilized Petri plate and then 20 mL of medium (i.e. 250 µg/mL medium) was poured into the plate to mix well and allowed to solidify. Inoculation was done at the center of each plate with 5 mm of mycelium block for each fungus. The mycelium block was prepared with the help of corkborer from the growing area of a five-days old culture of the test fungi on potato dextrose agar. The blocks were placed at the center of each Petri plate in an inverted position to get greater contact of the mycelium with the culture medium. The inoculated plates were incubated at 25 
Where, I=percent of inhibition; C=diameter of the fungal colony in control; T=diameter of the fungal colony in treatment. The antifungal effect was compared with the standard antifungal drug (griseofulvin).
Results
Antibacterial activity
Assessments of antibacterial activities of ligands, complexes and four cadmium salts CdI2, Cd(NO3)2·6H2O, CdCl2·2H2O, Cd(ClO4)2·6H2O as well as that of commercially important antibacterial agent, ampicillin were carried out against some pathogenic bacteria.
Antibacterial effects of the cadmium salts, ligands and complexes are summarized in Table 1 . The results showed that the cadmium salts exhibited higher antibacterial effects compared to all the ligands and complexes. Their antibacterial effects, in context of the bacterial zone of inhibition, are even more than the reference antibacterial agent ampicillin.
The synthetic ligands shown very poor activity against the experimental pathogenic bacterial strains. Specifically, the diene ligand is effective against S. typhi and E. coli. But it did not show any zone of inhibition against rest of the Gram-positive and Gram-negative bacteria. Additionally, the ligand 'teta', was only effective against the Gramnegative bacteria E. coli although the complex [Cd(teta)I 2 ] was not. It was active only against S. aureus (Table 1) .
The antibacterial effect of the complexes of 'tetb' was almost similar to that exhibited by the complexes of 'teta'. However, most of the complexes showed very potent antibacterial effects compared to some other systems [23] . The 
Antifungal activity
The antifungal activities of recent macrocyclic ligands L.2HClO 4 , 'teta' and 'tetb' and their cadmium(II) complexes were studied against the selective fungi, C. albicans and A. aculeatus in this research. The antifungal activities of these compounds are collated in Table 2 , and growth in control plate in case of C. albicans was 55 mm and in case of A. aculeatus was 40 mm. (Tables 1 and 2 ) it can be concluded that nature of ligands plays a significant role on the inhibition of mycelial growth. 
Discussion
Antibacterial and antifungal effects of the cadmium(II) salts, ligands and complexes are investigated in this research to evaluate their effectiveness in comparison with the reference drug ampicillin and griseofulvin in an in vitro antibacterial and antifungal assay. The cadmium salts themselves are poisonous, but the stability of the complexes (very much stable in solutions also) prevents the liberation of Cd 2+ ions in the test media. Additionally, cadmium salts are also poisonous for human beings, whereas ligands and complexes are not. Therefore, the effects of synthesized ligands and complexes of cadmium are worthy to be researched.
Antibacterial and antifungal effects of either natural compounds or synthetic agents are based on the nature of the agents how they penetrate to those organisms and how they are working on them. That is, the mechanism of action of antifungal and antibacterial and resistance to them is necessarily limited by several factors [24] . Firstly, the structures of fungi and bacteria differ in very significant ways, such as the diploid nature of most fungi and the longer generation time of fungi compared to bacteria, and the available antibacterial and antifungal agents target structures and functions most relevant to the organisms to be inhibited. For example, many antibacterial agents inhibit steps that are important for the formation of peptidoglycan, the essential component of the bacterial cell wall. By contrast, most antifungal compounds target either the formation or the function of ergosterol, an important component of the fungal cell membrane. Nevertheless, there are important parallels between the mechanisms by which fungi develop resistance to ergosterol biosynthesis inhibitors and bacteria develop resistance to anti-cell wall agents. Regarding other types of bacterial resistance, comparisons are limited by the fact that antifungal analogues of many classes of antibacterial agents (protein synthesis inhibitors such as aminoglycosides, macrolides and tetracyclines; topoisomerase inhibitors such as fluoroquinolones; and metabolic pathway inhibitors such as trimethoprim-sulfamethoxazole) do not exist. Understanding the mechanism(s) of action of different anti-microbial agents is an important prerequisite to understand mechanisms of resistance. In fact, in many cases an elucidation of resistance mechanisms has allowed or enhanced understanding of specific mechanisms of action [25, 26] .
With the reference to the present investigation, although it is not clear which mechanism is dominant, it can be assumed that the chelation theory [27] can be used to explain the increased activity of the metal complexes as observed in earlier studies with analogous palladium complexes [28] . Most of the previous studies have shown that the activity of the macrocyclic ligands decreases upon coordination [14, 27, 29, 30] . But in the present study, the cadmium(II) complexes behaved differently. Researchers postulated that chelation reduces the polarity of the metal atom mainly because of partial sharing of its positive charge with the donor groups, including possible π-electron delocalization within the chelating ring. The chelation increases the lipophilic nature of the central atom which subsequently favors its permeation through the lipid layer of the cell membrane. In contrast, in most of our earlier studies with different metals [13, 29, 30] , it was noted that antifungal activity was reduced on coordination.
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